marketing costs, and also to limiting buyers' market power, thereby increasing producer welfare in two dimensions. On the other hand, the industrial organization literature provides the basis to analyze the interface of transportation cost and market power, as reflected for example in the work of Faminow and Benson (1990) and Zhang and Sexton (2000 and 2001) . In order to understand fully this classical impediment to market efficiency in developing countries, it is important to study analytically the mechanism of how transportation costs interact with market power and how farmers or policy makers might be able to overcome this market impediment.
The research question we address in this paper is the mechanism by which lower transportation costs increase farm prices and profits, and how funds to improve transportation infrastructure can be raised through an endogenous financing mechanism.
We study the linkage between transportation cost, market power, and farmers' producer surplus analytically using a two-stage game-theoretic model. The analysis contributes in three areas: (1) We establish two ways in which lower transportation costs contribute to raising farmers' producer surplus--(a) by directly reducing transportation cost and, thus, the farm-wholesale price spread, and (b) by increasing competition between traders and determine the relative importance of the two effects. (2) We show that, although competition increases when transportation costs are reduced, traders can also benefit from lower transportation cost in some cases due to expanded supply of the farm product. (3) We study use of an endogenous finance mechanism to reduce transportation costs, namely the use of varying forms of taxation to generate funds to improve transportation infrastructure, and determine the optimal level and characteristics of such taxation. The assessments we discuss could either be levied through government or by a producer cooperative, in which case the tax would have the character of retained patronage-based income. To preserve the generality of our revenue-generating mechanism, we henceforth refer to the revenue generator as simply the "authority".
Stage 2 in the game-theoretic model is a simple production and pricing stage, and is adapted from the spatial model of Zhang and Sexton (2000, 2001) , who studied farmers' interactions with duopsony marketing firms. In this stage, the marketing firms engage in a Nash-Bertrand competition, setting FOB prices to farmers, given the level of tax revenue and, thus, transportation costs.
The level of transportation costs is exogenous in the Zhang-Sexton model and similar spatial models, but it is determined optimally in stage 1 of our generalized model. Specifically, in stage 1 the tax rate is set by the authority so as to maximize producer surplus, and the funds collected are expended to improve roads and other transportation infrastructure, thereby impacting marketing costs and the oligopsony competition in stage 2.
The tax is levied with rational expectation of how it will impact the subsequent stage 2 competition. Given the outcome of the game, we then study the welfare implications for both producers and marketing firms.
In section 2, the model setting is described. Section 3 describes the equilibrium of the two-stage game for duopsony competition. In section 4, we analyze the equilibrium for alternative values of the market parameters while section 5 contains concluding comments.
The Model
Consider a region in the hinterland of a developing country where farmers reside uniformly over a line of interval [0, 1] with density D=1. A trader i = a, b, is located at either endpoint of the market, as illustrated in figure 1. The farmers can sell their production to either trader, but there is a natural advantage doing business with the trader who is more proximate to the farmer's location. Each trader offers a mill or FOB price P i i = a, b, to farmers so that the farmers bear the transportation cost (even though traders may perform the actual transportation, they charge the cost to each farmer).
1 The cost per unit of distance of transporting one unit of the commodity is γ , which makes the total cost necessary to transport one unit of the commodity
is the distance of farmer j from market A. The price that a farmer j receives from trader i net of transportation cost and before any tax is
We assume initially that each farmer has an inelastic supply of the farm product, and without further loss of generality, normalize that supply to unity-each farmer supplies one unit of the product to whichever trader offers the higher net price, as long as this price exceeds the farmer's reservation utility U , and supplies none otherwise. Here U is the value of the product in subsistence consumption and is set at zero for simplicity.
We denote Q i, as the total amount that farmers sell to trader i = a,b. We assume that traders are price-takers in the output market, so output price R is exogenous, and traders 1 The primary alternative to mill pricing is uniform-delivered (UD) pricing, where the marketing firms pay each producer the same net price and bear nominally the transportation costs themselves. Equilibria in a duopsony market with UD pricing ordinarily involves mixed strategies (add cites from ZS), and, thus, FOB pricing is preferred in our analysis due to the convenience of working with pure strategy equilibria.
incur per-unit marketing costs, c. The variable Rc ρ = − denotes the price traders receive net of their unit marketing costs, and without loss of generality this net price is set to 1 ρ = via a normalization.
We now introduce the concept that transportation costs can be reduced through investments in transportation infrastructure and, in addition, consider a per-unit or excise tax s levied by the authority for the purpose of collecting funds to expend for such investments. We subsequently discuss extension of the model to incorporate other forms of taxation. The ability of such funds to reduce transportation costs depends upon the technology available to the developing country, and, given the extant technology, such expenditures will have a diminishing marginal productivity. We parameterize these essential features of transportation improvements through the following simple functional relationship:
where T>0 is the unit transportation cost if no road improvement is made, α represents the technology of road improvement, and B is the total tax revenues or budget collected for the improvement, where (). ab BsQQ = + The technology parameterα is expected to be high for more developed countries, which have access to better technologies, relative to poorer, less-developed countries.
Duopsony Competition
Given our interest in the effects of transportation costs on competition for the raw product, we focus on the case when transportation costs, absent any tax-funded improvements, are sufficiently low that the traders' market areas overlap. If transportation costs are sufficiently high relative to the value of the output being produced, the traders' desired market radii do not overlap, each operates as an isolated monopsonist, and producers located between the endpoints of the two monopsony radii have no market outlet, and can produce only for subsistence needs-the missing markets case discussed by Taylor and Adelman (2003), among others. A farmer will sell to trader a if he gains more than his reservation utility from selling, i.e., 0 The two traders engage in Nash-Bertrand competition to procure the raw product from farmers. The amount supplied to each trader can be derived by finding the farmer j (located at point Y in figure 1 ) who is indifferent between selling to trader a or trader b because his net price from either is the same:
(1).
This gives an expression for point Y, the market boundary, and, given the assumptions on supply, the two traders' market share. Similarly, we apply the optimal t in equation (3) to obtain the traders' profit at the optimal tax rate:
Analysis of the Equilibrium
The base duopsony model has two exogenous parameters. Table 1 shows how the price, traders' surplus, and farmers' producer surplus change with respect to a marginal increase in the model parameters,α and T, for the duopsony case. The marginal effect of increasing the parameterα , which represents the technology of road improvement, is to increase producer surplus. Thus, countries endowed with better technology to improve transportation have more opportunity to improve producer welfare through endogenous investments in the transportation infrastructure and at the optimum should levy a higher excise tax for that purpose.
To obtain perspective on the magnitude of the benefits available to producers from the optimal investment in transportation infrastructure, figure 2 depicts the percent change in producer surplus from the optimal investment relative to the initial equilibrium as a
IXQFWLRQRIWKHWUDQVSRUWDWLRQFRVWSDUDPHWHU7DQGIRUWKUHHDOWHUQDWLYHYDOXHVRI0 7KH
opportunity to benefit producers from the optimal investment is increasing in T over the range T(0,2/3) ∈ consistent with duopsony competition. The benefit to producers is DOVRLQFUHDVLQJLQWKHDEVROXWHYDOXHRI0ZKLFKLQWXUQLVDVVRFLDWHGZLWKKLJKHUYDOXHVRI.
demonstrating the aforementioned proposition that the greatest potential to improve producer welfare through investments in transportation lies with those economies endowed with the infrastructure to effectively spend the money collected through the tax. On balance, the welfare gains for this model are relatively modest, on the order of one to two
SHUFHQWIRUODUJHUYDOXHVRI7DQG0
Finally, we depict the optimal excise tax rate in figure 3 . s * depends only on the HIILFLHQF\SDUDPHWHU. )RUFRPSDULVRQSXUSoses, we show the optimal tax rate from the perspective of maximizing producer surplus and in terms of maximizing total market surplus, which in this model consists of producer surplus and trader profits (there are no consumer effects due to the price-taking assumption). Because much of the producer gain comes at traders' expense due to improved farm prices, the optimal tax rate is much lower when our criterion is total welfare, as might be true when government was the taxing authority, versus when our criterion is producer surplus, as might be true when revenues were collected from a producer cooperative.
Extensions
The analysis can be extended in many promising directions. A key limitation of the duopsony model with inelastic producer supplies is that supply is fixed for all parameterizations that sustain the duopsony equilibrium.
In this environment improvements in the transportation infrastructure can never be beneficial to the trading firms-the quantity shipped to the market is fixed, and improvements in transportation only serve to intensify the duopsony competition between the traders, causing them to offer higher prices to farmers and earn lower profits. Quantity produced can be made endogenous through either of two extensions of the model: (1) allowing transportation costs to be sufficiently high, T > 1, that the market is not covered and the traders operate as monopsonists, and (2) introducing upward sloping farm supply curves into either monopsony or duopsony models
In the former instance, reducing transportation costs will enable more producers in the interior of the market area to sell to one of the traders. In this market environment, transportation improvements funded from taxes on the producers who are selling to the market benefit those producers by reducing their shipping costs but do not engender higher FOB prices as long as the trading firms remain isolated monopsonists. The investments also benefit those producers who find it profitable to sell to the market, in light of lower transportation costs, and they also benefit the traders, who obtain greater access to the farm product, while preserving their monopsony power. Clearly, in this environment, equity considerations dictate that that the traders contribute to any tax revenues generated for transportation improvements.
Elastic producer supply presents the interesting but analytically difficult case where improvements in transportation infrastructure can, depending upon the model parameterizations, (i) increase competition between traders, (ii) increase supply among producers already in the market, and (iii) bring into the market farmers who previously produced only for subsistence use. This generalization enables the model to analyze scenarios where transportation investments benefit the widest possible class of market agents-(i) farmers currently selling to the external market, who benefit from increased competition in the duopsony scenario, reduced transportation costs, and the opportunity to increase production in response to higher farm level prices, (ii) farmers currently producing only for subsistence use in monopsony equilibria, who find it profitable to sell to the external market when transportation costs are reduced, and (iii) traders who benefit from increased availability of production, but who are harmed from intensified competition in the duopsony equilibrium. An interesting question in this environment is whether the benefit to traders from access to greater production in the duopsony equilibrium can for some market parameterizations exceed the cost to them from increased competition.
A second class of extensions involves consideration of alternative forms of taxation to the excise tax considered here, including income or profits taxation, with the possibly the taxation of traders' profits because, as noted, traders may benefit from lower transportation costs under several market scenarios. Finally, the analysis could be extended to alternative spatial pricing schemes, including uniform-delivered prices (see footnote 1), or optimal discriminatory pricing (Greenhut, Norman, and Hung, 1987) .
Conclusion
The model presented in this paper demonstrates the interactive roles of transportation costs and oligopsony power in determining farmers' income in a prototype developing economy setting and introduces an endogenous mechanism for farmers to strategically increase welfare in the liberalized market economy through investing in improvements in the transportation infrastructure. We derived the optimal level of producer taxation through a two-stage model in which a taxing authority sets the tax rate in stage 1 in rational anticipation of its impact on the duopsony competition in stage 2. Investments in transportation infrastructure improve producer welfare in two dimensions-by directly reducing the cost of shipping commodity from the farm to processing plant or seaport and indirectly by increasing competition between traders. In a more general model setting traders may also benefit from these investments through access to greater supplies of the farm commodity. 
